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General  Introouct  ion: 


Prior  to  the  advent  of  ant i -m  icrob  ial  chemotherapy  the  mortality 

RATE  IN  HOSPITALS  FOR  PATIENTS  HAVING  BACTERIAL  ENDOCARDITIS  APPROACHED 
80$  (!);  THE  ATTAINMENT  OF  THE  " B A C TE R  I  A -FR E E  STAGE"  RANGED  FROM  0-3$ 

(2,3).  Subsequently,  the  utilization  of  appropriate  therapy  substantially 
REDUCED  THE  MORTALITY  FIGURES  (4,5).  ThE  BELIEF  THAT  THE  CONQUEST  OF  THIS 
FORMIDABLE  DISEASE  WAS  AT  HAND  PROVED  DELUSION.  TODAY  MORTALITY  FIGURES 
REMAIN  IN  THE  RANGE  OF  17*35$  (4-6).  FURTHERMORE,  WITH  THE  ADVENT  OF 
CARDIAC  SURGERY  PROCEDURES  INVOLVING  THE  PLACING  OF  VALVES  AND  OTHER 
PROSTHESES,  THE  INABILITY  TO  CHEMICALLY  STERILIZE  POS T -OPE R A T I  ON 
ENDOCARDITIS  HAS  BECOME  A  TAXING  PROBLEM.  F OR  THIS  GROUP  MORTALITY  RATES 
HAVE  AGAIN  CLIMBED  TO  THE  50-75$  RANGE  (7*12).  ATTEMPTING  TO  ASSESS  THE 
EFFICACY  OF  NEW  MOLECULES  TO  COMBAT  INFECTIOUS  ENDOCARDITIS  MAY  BE 
FACILITATED  BY  THE  METHODS  TO  BE  DESCRIBED  IN  THIS  THESIS. 

The  statistics  refered  to  in  the  preceding  paragraph  would,  by  them¬ 
selves,  PROVIDE  A  RAISON  D’ETRE  FOR  PURSUING  THE  STUDY  OF  THIS  DISEASE, 

Often,  however,  impetus  and  interest  are  derived  from  other  than  problematical 
numerical  exposition.  Of  the  vast  literature  treating  of  bacterial 
endocarditis,  one  article  stands  alone  for  the  humanity  with  which  it 
approaches  the  topic.  Sts  emphasis  is  neither  pathophysiologic  nor 
statistical,  rather  it  is  psychologic.  The  author,  Soma  Weiss  (13),  has 
provided  a  vehicle  by  which  to  move  our  sense  of  empathy.  The  publication 
consists  of  the  descriptive,  introspective  transcript  of  a  Harvard  medical 
student  who,  during  his  fourth  year,  developed  subacute  bacterial  endocarditis 
and  recorded  his  reactions  and  feeling  to  the  disease  process  harbored 
within  him  and  to  its  tangible  manifestations.  The  patient  provides 
excellent  descriptions  of  his  life  with  rheumatic  heart  disease,  the 

SENSATIONS  AND  IMPLICATIONS  OF  THE  WATER-HAMMER  PULSE  WHICH  ACCOMPANIED 


rr-i  - 

3(1 1  !  :  i  .  ?0‘ 

(o«|()  7!  TC;  YYKA?!  ?H*T  VM  WIM3J) 

:  i  s  ta^o;  ot  -  j*>yy  y'm  -?“h  w 

■  i  ,  •  •  *!.AR3 

}o:s:*3fs.' r  sky  hi 

<  ..  i  : 

.  ;  ;  •:  ■ 

T  Y(  - 

; :  H  H  T  1  W  Y  T  i  w 

■  r\  -3  {  e  ftf.  M 

h  t  (H  )  e8i3W 

.) 1 1:.  c*i  •  i  vi  T  ■  v 

■  a  3  !  : 

-■?  >  h  -  ii  I  ;:i  '  c 


1  YY  1  0  *  40 1  A  3  ?!  311 !  OH 

V  ?!  A : 

TC  %W'.  1  T  1  Pf  v  S3< 

■ 

vi  .  Y  "  TO  .•  1  '  :  •'  l  OH  a 

TO  Y v*  0  i  Y  !>■  •• :  I  OH  * 


HiS  AORTIC  1  NSUFF DC IENCY,  THE  DISCOMFORT  AND  SUBSEQUENT  PAIN  FOLLOWING 

splenic  infarction,  and  the  sense  of  trepidation  felt  on  first  noticing 

THE  APPEARANCE  OF  PE  TECH  I  AE ,  WITH  A  PAST  HISTORY  OF  RHEUMATIC  HEART  DISEASE 
AND  THE  DEVELOPMENT  OF  ANTIBIOTICS  STILL  BEYOND  THE  HORIZON  OF  HISTORY,  THE 
fellow's  fate  was  sealed.  The  INTERACTION  of  SOMA  and  PSYCHE  BECOME 
CLINICALLY  PREEMINENT  AT  THIS  POINT  IN  THE  NATURAL  HISTORY  OF  THE  DISEASE, 
"By  THIS  TIME  1  WAS  QUITE  RECONCILED  TO  MY  FATE,  BUT  NEVERTHELESS  WAS 
CONTINUALLY  SEEKING  NEW  TREATMENT,  !  AM  ENTIRELY  SINCERE  WHEN  1  SAY  THAT 
I  SOUGHT  NEW  TREATMENT  NOT  IN  ANY  SERIOUS  ENDEAVOR  TO  CURE  THE  DISEASE 
OR  PROLONG  MY  LIFE,  BUT  SIMPLY  TO  SATISFY  THE  URGE  THAT  SOMETHING  WAS 
BEING  DONE.  ThE  PSYCHOLOGICAL  FACTOR  WAS  NOW  OF  MOST  IMPORTANCE,  AND  IF 
1  WERE  TO  LIE  IN  BED  MUCH  LONGER,  I  NEEDED  THE  MORAL  SATISFACTION  OF  HAVING 
SOMETHING  DONE  TO  ME,  HOWEVER  USELESS  IT  MIGHT  BE."  Il  IS  RARE  THAT  A 
SUFFERER  FROM  A  DISEASE  BECOMES  AN  ARTICULATE  OBSERVER  OF  HIS  FATE;  HIS 
THOUGHTS  WOULD  BE  WELL  HEEDED.  THIS  PATIENT  TELLS  US  THAT  WE  MUST  PURSUE 
THE  CURE  OF  THE  DISEASE  THROUGH  OUR  EXPANDING  KNOWLEDGE  OF  PATHOPHYSIOLOGY, 
BUT  THAT  WHEN  THIS  PROVIDES  US  WITH  NO  FURTHER  ALTERNATIVES  AT  A  GIVEN  POINT 
IN  TIME,  WE  MUST  BE  FLEXIBLE  AND  ABLE  TO  SWITCH  OUR  EMPHASIS  TO  THE 
PSYCHOLOGICAL  SUPPORT  OF  THE  PATIENT,  RATHER  THAN  WITHDRAWING  FROM  HIM. 

The  SCIENTIFIC  PURSUIT  OF  THE  UNDERPINNINGS  OF  BACTERIAL  ENDOCARDITIS 
AND  THE  SEARCH  FOR  MEANS  BY  WHICH  TO  COPE  WITH  IT  HAVE  EXTENDED  FOR  ALMOST 
ONE  HUNDRED  YEARS. 

The  literature  dealing  with  the  experimental  approaches  to  bacterial 

ENDOCARDITIS  IS  AN  EXTENSIVE  ONE,  ThAT  MECHANICAL  TRAUMA  TO  THE  HEART 
VALVES  PROVIDES  A  RELIABLE  METHOD  OF  PREDISPOSING  THEM  TO  BACTERIAL 
ENDOCARDITIS  HAS  LONG  BEEN  KNOWN,  MUCH  OF  THIS  EARLY  WORK  WAS  UNDERTAKEN 
IN  THE  ACADEMIES  OF  GERMANY  LATE  IN  THE  NINETEENTH  AND  EARLY  IN  THE 

Twentieth  centuries.  The  first  use  of  this  technique  is  attributed  to 

RoSENBACH,  1878,  ( s4) ,  WHO  BY  DAMAGING  THE  AORTIC  CUSPS  WITH  A  NON-STERILE 
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ROD  PASSED  DOWN  THE  CAROTID  ARTERY  ESTABLISHED  BACTERIAL  ENDOCARDITIS  IN 
OOGS  AND  RABBITS,  A  SIMILAR  TECHNIQUE  WAS  LATER  USED  BY  WYSSOKOW1TCH  IN 

f 886  (4t).  Others,  such  as  Ribbert,  1885,  (!5)>  employed  suspensions  of 
bacteria  along  with  various  granular  substances,  such  as  starch  FROM 

POTATO  CULTURES,  TO  INFLICT  THE  DESIRED  VALVULAR  INJURY  (  1 6- 1 8)  .  NO  MATTER 
WHAT  THE  MODE  OF  INJURY,  BACTERIAL  ENDOCARDITIS  FOLLOWED  THE  INNOCULATiON 
OF  BACTERIA,  ThE  SOUGHT  AFTER  LESION  COULD  ALSO  BE  INDUCED  IF  THE  TECHNIQUES 
OF  INJURY  FOLLOWED  THE  IMPLANTATION  OF  MICROORGANISMS  (  1 9 )  •  POWERS  IN  1929 

(20)  and  later  Harken  in  19^2  (2!)  obtained  similar  results  by  the  place- 

MENT  OF  metal  CLIPS  ON  THE  FREE  MARGIN  OF  THE  POSTERIOR  MITRAL  LEAFLET; 
INTRODUCTION  WAS  THROUGH  THE  AURICULAR  APPENDAGE.  N  MANY  RESPECTS  THIS 
PROCEDURE  IS  SIMILAR  TO  TODAY'S  PROSTHETIC  HEART  SURGERY,  CONSEQUENTLY, 

IT  IS  EASY  TO  UNDERSTAND  WHY  THOSE  UNDERGOING  SUCH  PROCEDURES  ARE  AT 
HIGHER  RISK  WITH  RESPECT  TO  THIS  DISEASE;  THE  STATE  OF  INCREASED  RISK  IS 
CONFIRMED  BY  STATISTICS  PREVIOUSLY  PRESENTED, 

IN  ADDITION  TO  SURGICAL  PROCEDURES  WHICH  PREDISPOSE  TO  AORTIC  INSUFFICIENCY 
(22-25),  ,T  WAS  FOUND  THAT  BACTERIAL  ENDOCARDITIS  COULD  BE  INDUCED  BY  OT-ER 
TECHNIQUES  LEADING  TO  SEVERE  HEMODYNAMIC  CHANGES  IN  THE  EXPERIMENTAL 
ANIMAL,  The  CREATION  OF  FISTULAE  (22,  26-29),  AS  BETWEEN  AORTA  AND 
INFERIOR  VENA  CAVA,  HAS  THIS  RESULT,  AS  DOES  THE  'SIMULATION  OF  HIGH 
ALTITUDE  WITH  AND  WITHOUT  HEMODYNAMIC  STRESS  AND  BACTEREMIA  ( 30”3 • ) -  T  HE 
INDUCTION  OF  PRESSOR  EPISODES  CAUSED  BY  THE  INJECTION  OF  PITRESSIN  WAS 
EMPLOYED  BY  NEDZEL  TO  STIMULATE  THE  VALVULAR  CHANGES  NECASSARY  FOR  SUBSEQUENT 
BACTERIAL  LOCALIZATION  AND  PROLIFERATION  (32).  ALTERATION  OF  THE  LYMPHATIC 
DRAINAGE  OF  THE  HEART  TOO  LEADS  TO  A  SUSCEPTIBLE  STATE  (33)'  ^HE  INDUCTION 
OF  SYSTEMIC  IMMUNOLOGIC  REACTIONS  (3^)  AND  THE  INJECTION  OF  LARGE  NUMBERS 
OF  ORGANISMS  (35)  HAVE  ALSO  PROVED  PROFITABLE  APPROACHES.  ThE  MANIPULATION 
OF  THE  ENDOCRINE  ENVIRONMENT  TOO  HAS  BEEN  UTILIZED  (36). 

Each  of  the  modes  mentioned  thus  far  for  the  induction  of  bacterial 
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ENDOCARDITIS  INFLICTS  A  SUBSTANTIAL  DEGREE  OF  TRAUMA  ON  THE  EXPERIMENTAL 

host.  Each  is  contingent  on  techniques  which  alters  the  natural  history 
of  the  disease  they  produced  by  modulating  the  resistance  to  infection  of 

THE  EXPERIMENTAL  ANIMAL.  !n  CONTRADISTINCTION,  GARRISON  AND  FREEDMAN  (37) 

HAVE  REPORTED  A  TECHNIQUE  FOR  ACHIEVING  BACTERIAL  ENDOCARDITIS  WHICH  IS 
RELATIVELY  ATRAUMATIC  TO  THE  EXPERIMENTAL  RABBITS.  FURTHER,  THE  POSSIBILITY 
EXISTS  WITH  THIS  MODEL  OF  REMOVING  THE  INITIAL  TRAUMATIZING  AGENT,  THUS 
LEAVING  THE  ANIMAL’S  DEFENCES  FREE  TO  TRY  TO  COMBAT  THE  THREATENING 
BACTERIA,  By  INTRODUCING  A  CATHETER  THROUGH  THE  FEMORAL  VEIN  AND  PASSING 
IT  INTO  THE  RIGHT  AURICLE,  IN  PROPINQUITY  TO  THE  TRICUSPID  VALVE,  STERILE 
MARANTIC  AND  VALVULAR  ENDOCARDITIS  COULD  BE  INDUCED;  THE  INTRODUCTION 
OF  AS  FEW  AS  SO5-  STAPHYLOCOCCI  THROUGH  THE  CATHETER  RESULTED  IN  BACTERIAL 
ENDOCARDITIS.  THE  ORIGINAL  DECISION  TO  EMPLOY  IMPLANTED  POLYETHYLENE 
CATHETERS  AS  A  SOURCE  OF  BACTERIA  WAS  A  RAMIFICATION  OF  THE  OBSERVATION 
THAT  INDWELLING  CATHETERS  OFTEN  SERVE  AS  NIDI  OF  INFECTION  IN  MAN  (38-40), 

The  TWO  EXPERIMENTS  which  COMPRISE  the  BODY  OF  THIS  THESIS  UTILIZE 
and  EXTEND  THE  TECHNIQUES  DEVELOPED  BY  GARRISON  AND  FREEDMAN  SO  AS  TO 
FURTHER  DEVELOP  THIS  ACCESSIBLE  MODEL  FOR  THE  STUDY  OF  BACTERIAL  ENDOCARDITIS 
AND  FURTHER  PURSUE  THE  NATURAL  HISTORY  OF  THE  DISEASE.  THE  FIRST  PART  OF 
THE  THESIS  WILL  DEMONSTRATE  THE  USE  OF  THE  CATHETER  IMPLANT  TECHNIQUE  FOR 
INDUCING  STERILE  AND  BACTERIAL  ENDOCARDITIS  OF  THE  AORTIC  VALVE.  THE  SECOND 
EXPERIMENTAL  SECTION  WILL  TRACE  THE  NATURAL  HISTORY  OF  THE  ESTABLISHED 
DISEASE  AFTER  REMOVAL  OF  THE  CATHETER  , 
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Experimental  section  !:  staphylococcal  infection  of  the  aortic  valve 

FOLLOWING  PLACEMENT  OF  A  POLYETHYLENE  CATHETER  IN  THE  LEFT  SIDE  OF  THE 

HEART , 

1  NTRODUCT  I  ON  TO  EXPER  I  MENT  J_: 

The  INTRODUCTION  OF  POLYETHYLENE  CATHETERS  INTO  THE  RIGHT  SIDE  OF 
THE  HEART  HAS  RECENTLY  BEEN  SHOWN  TO  INDUCE  THE  FORMATION  OF  STERILE 
MARANTIC  ENDOCARDITIS  (37)'  lT  WAS  FURTHER  NOTED  THAT  THE  INOCULATION  OF 
AS  FEW  AS  10  STAPHYLOCOCCI  THROUGH  THE  CATHETER  WOULD  REGULARLY  RESULT 
IN  STAPHYLOCOCCAL  ENDOCARDITIS,  IN  THESE  EXPERIMENTS  THE  CATHETER  REMAINED 
IN  THE  RIGHT  HEART  UNTIL  THE  ANIMAL  WAS  SACRIFICED;  IT  THUS  SERVED  AS  A 
POSSIBLE  SOURCE  OF  MECHANICAL  TRAUMA  AND  AS  A  NIDUS  FOR  THE  SEEDING  OF 
M  I  CROORGAN ISMS. 

The  present  study  was  undertaken  to  test  wheter  it  was  possible  to 

ESTABLISH  STERILE  AND  INFECTIVE  ENDOCARDITIS  IN  THE  LEFT  SIDE  OF  THE 
HEART  UTILIZING  TECHNIQUES  WHICH  PREVIOUSLY  HAD  BEEN  SHOWN  TO  BE  EFFECTIVE 

ON  THE  R IGHT  SIDE. 

Mater  i  als  and  Methods : 

The  experimental  animals  were  five  pound,  white  New  Zeland  rabbits. 

The  animals  received  ^0-60  mgs  of  Sodium  Pentobarbital  intravenously  and 
inhaled  ether  as  anaesthesia.  The  cannula  utilized  was  a  sterile 
POLYETHYLENE  CATHETER,  C ! NTR  A  ME  D 1 C  7  ClAT-AdAMS  ,  PE90,  RADIOPAQUE, 

I.D. :0.034",  0. D. 0.050") . 

THE  RIGHT  CAROTID  ARTERY  WAS  LIGATED  AND  INCISED,  AND  THE  CATHETER 
INSERTED  A  DISTANCE  OF  ABOUT  3^  INCHES  UNTIL  RESISTANCE  WAS  MET,  IT  WAS 
THEN  WITHDRAWN  SLIGHTLY,  PERHAPS  I / 1 6  TO  I /8  OF  AN  INCH,  AND  TIED  IN  PLACE. 
The  TIP  THUS  REMAINED  IN  A  POSITION  JUST  ABOVE  THE  SEMILUNAR  CUSPS  OF  Tt 
AORTIC  VALVE.  The  CATHETER  WAS  THEN  FILLED  WITH  THE  APPROPRIATE  FLUID  AND 
THE  FREE  END  BENT  OVER  AND  TIED  UPON  ITSELF.  ThE  CATHETER  REMAINED  IN  SITU 
UNTIL  THE  DEATH  OR  SACRIFICE  OF  THE  ANIMAL.  SKIN  INCISIONS  WERE  CLOSED 

5. 


: ' !  '•  <  1  |  A  , 


'-■*  '<  ‘  i  -  A  ~r.y  ]  ■■. i  .  i  - : r 


.  - 


•\  j  shtaM 


■ 


n  • 


'■<. 'v  ■  1  .  •  M  'i  *•  33;-;  1 

*  1  \  I 

■  1 

!  ??* 

1  >«0  *\j 

:•  i. ;  '  H 

JL 

WITH  SILK  OVER  THE  FREE  ENDS  OF  THE  CATHETER,  ALTHOUGH  RIGOROUS  STERILE 

TECHNIQUES  WERE  NOT  FOLLOWED,  LOCAL  WOUND  INFECTION  WAS  NOT  ENCOUNTERED, 

THE  MICROORGANISMS  WERE  THE  GlORGlO  STRAIN  OF  COAGULASE  POSITIVE 

STAPHYLOCOCCUS  AUREUS  WHICH  HAS  BEEN  USED  IN  THIS  LABORATORY  PREVIOUSLY. 

g= 

The  ORGANISMS  WERE  CULTURED  OVERNIGHT  (lO  COLONY  FORMING  UNITS  PER  Ml) 

IN  TRYPTICASE  SOY  BROTH  AND  APPROPRIATE  DILUTIONS  WERE  ADMINISTERED  THROUGH 
THE  CATHETER,  SNQCULA  WERE  ENUMERATED  BY  COUNTING  VIABLE  BACTERIAL  UNITS 
IN  SERIALLY  DILUTED  AGAR  POUR  PLATES  AFTER  A  ONE  DAY  INCUBATION  PERIOD. 

The  catheter  held  about  0, S  ml  per  inch.  Of  the  diluted  experimental  culture 

0.5  ML  WAS  INJECTED  to  PREVENT  BLOOD  CLOT  FORMATION  AT  THE  TIP  OF  THE 

CATHETER . 

TWO  SERIES  OF  ANIMALS  WERE  STUDIED. 

Group  I  :  rabbits  with  catheters  containing  sterile  saline. 

Group  I  I :  rabbits  with  catheters  containing  staphylococci. 

Animals  were  killed  by  the  intavenous  injection  of  J 20  mgs  of 
Sodium  Pentobarbital  and  ethyl  ether  inhalation  if  necessary.  Post-mortem 

EXAMINATIONS  WERE  PERFORMED  IMMEDIATELY  FOLLOWING  SACRIFICE  OF  THE  RABBIT 
OR  AT  SUCH  TIME  AS  THE  ANIMAL  WAS  FOUND  DEAD.  A  TERMINAL  BLOOD  SAMPLE 
WAS  DRWN  FROM  THE  MARGINAL  EAR  VEIN  OR  THE  INFERIOR  VENA  CAVA,  ASEPTIC 
TECHNIQUE  WAS  RIGOROUSLY  OBSERVED  DURING  THE  POST-MORTEM  EXAMINATION.  THE 
ORGANS  WERE  EXAMINED  GROSSLY  AND  PATHOLOGICAL  SPECIMENS  TAKEN,  !f  THE 
ANIMAL  HAD  NOT  DIED  THE  KIDNEYS,  LIVER,  AND  SPLEEN  WERE  HOMOGENIZED  1  N 
TOTO  AND  CULTURED  QUANTITATIVELY.  T HE  SPLEENS  WERE  WEIGHED  UPON  REMOVAL, 

One  cc  of  the  urine  from  the  bladder  was  cultured.  Viable  bacterial  units 

FROM  SAMPLES  CULTURED  WERE  COUNTED  AFTER  A  24  HOUR  INCUBATION  PERIOD, 

Special  care  was  taken  in  examining  the  heart.  The  catheter  was 
clamped  ®n  the  arch  of  the  aorta  prior  to  the  removal  of  the  heart.  The 
heart  was  then  carefully  examined  to  locate  the  tip  of  the  catheter  and 

TO  OETECT  THE  LOCATION  OF  VEGETATIONS.  ThE  CONTENTS  OF  THE  CATHETER  WERE 
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EXPRESSED  AND  CULTURED,  ThE  VEGETATIONS  WERE  THEN  INCISED  AND  A  SMALL 
PLATINUM  LOOPFUL  OF  MATERIAL  WAS  RECOVERED  FOR  GRAM  STAIN  AND  CULTURE. 

Where  Gram  stain  did  not  reveal  numerous  bacteria,  2  or  3  sites  of  the 

VEGETATION  WERE  CULTURED.  The  LOOP  EMPLOYED  CARRIES  ABOUT  0.00!  ML  OF 
LIQUID. 

Results : 

Group  1 :  This  series  of  animals  had  catheters  filled  with  sterile 

SALINE  placed  IN  THEIR  RIGHT  CAROTID  ARTERIES.  ThE  CATHETERS  REMAINED  I N 
S  I  TU  UNTIL  THE  RABBITS  WERE  SACRIFICED  OR  DIED,  l8  TO  42  DAYS  AFTER 
OPERATION.  THE  CATHETER  TIPS  WERE  FOUND  IN  THE  REGION  OF  THE  AORTIC  VALVE 
IN  6  ANIMALS  AND  WERE  DISCOVERED  TO  BE  E NDOT HE L  I A L  1  ZE D  ALONG  THE  WALL  OF 
THE  AORTA  IN  TWO  RABBITS  (TABLE  l).  STERILE  VEGETATIONS  WERE  PRESENT  AT  THE 
AORTIC  VALVE  OR  ON  OTHER  IMMEDIATELY  ADJACENT  TISSUE  SURFACES  IN  EACH  OF 
THE  5  0F  ^  ANIMALS  WITH  CATHETERS  FREE  IN  THE  VASCULAR  SYSTEM  (FlG  l). 

Among  this  group  only  one  animal  was  found  dead,  the  remainder  were 
SACRIFICED.  The  SINGLE  ANIMAL  THAT  DID  DIE  HAD  GRAM  NEGATIVE  RODS 
CULTURED  FROM  THE  CATHETER  CONTENTS  AND  FROM  THE  AORTIC  VEGETATION. 

Kidney  infarctions  were  noted  in  87,5$  (7/8)  of  the  rabbits  (fig  2), 

The  spleens  were  weighed  upon  removal;  splenic  enlargement  2  gms)  was 
not  noted.  No  microorganisms  were  cultured  from  the  heart  vegetations, 

CATHETER  CONTENTS,  ORGAN  HOMOGENATES,  BLOOD,  OR  URINE  SAMPLES. 

Group  ! 8 :  The  nine  rabbits  of  this  group  were  cannulated  with 
catheters  filled  WITH  10  -!0  staphylococci.  At  post-mortem  examination, 

7  OF  THE  RABBITS  HAD  VEGETATIONS  FROM  WHICH  STAPHYLOCOCCI  WERE  CULTURED 

(Fig  3)*  One  animal  had  vegetations  which  when  cultured  grew  staphylococci 

AND  GRAM  NEGATIVE  ORGANISMS  AS  WELL.  ThE  CATHETER  WAS  NOT  RECOVERED  FROM 
THE  HEART  OF  THE  REMAINING  ANIMAL;  IT  WAS  PROBABLY  SHORT  AND  NOT  IN  THE 
PROPER  POSITION  (TABLE  2). 

IN  THE  8  INFECTED  RABBITS,  THE  CATHETER  TIPS  WERE  IN  PROPINQUITY  TO 
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THE  AORTIC  VALVE.  T  HE  VEGETATIONS  WERE  LOCATED  PREDOMINANTLY  ON  THE  AORTIC 


CUSPS,  BUT  WERE  ALSO  FOUND  ON  A  PAPILLARY  MUSCLE,  THE  MITRAL  VALVE,  AND 
ON  OTHER  SURFACES  CONTIGUOUS  WITH  THE  AORTIC  VALVE.  EVIDENCE  OF  INFARCTION 
OR  ABCESSOF  THE  KIDNEYS  WAS  PRESENT  IN  ~(8%  (7/9)  0F  ThE  ANIMALS.  SPLENIC 
ENLARGEMENT  (>  2  GMS )  WAS  EVIDENT  IN  50#  (3/6)  OF  THE  RABBITS  WHOSE  SPLEENS 
WERE  WEIGHED.  ONLY  THREE  RABBITS  OF  THIS  SERIES  HAD  TERMINAL  BLOOD 
CULTURES  TAKEN;  TWO  WERE  POSITIVE.  OF  THESE  RABBITS  89$  (8/9)  'DIED  WITHIN 
THE  FIRST  |8  POSTOPERATIVE  DAYS;  THE  SINGLE  SURVIVING  ANIMAL  WAS  SACRIFICED 
ON  DAY  32;  the  CATHETER  WAS  NOT  RECOVERED  FROM  THIS  RABBIT  AND  ENDOCARDITIS 
WAS  NOT  FOUND. . 

THE  GROSS  APPEARANCE  OF  THE  VEGETATIONS  ON  THE  AORTIC  VALVES  WAS 
SIMILAR  TO  THOSE  FOUND  IN  HUMAN  ENDOCARDITIS  AND  TO  THOSE  DESCRIBED  IN 
PREVIOUS  WORK  ON  THE  RIGHT  SIDE  OF  THE  HEART  USING  THIS  MODEL  (37)* 

The  LESIONS  WERE  1-5  MM>  friable,  ACINIFORM,  PAlE“PINK  EXCRESCENCES  IN 
THE  INFECTED  RABBITS,  ThE  LESIONS  IN  THE  ANIMALS  WITH  STERILE  ENDOCARDITIS 
WERE  LESS  FRIABLE,  FLATTER,  AND  PALE.  ThEY  DISTORTED  THE  VALVES  TO  A  LESSER 

degree.  Lesions  occurred  in  similar  positions  in  both  series. 

Histological  differences  existed  in  the  lesions  of  the  animals 

INOCULATED  WITH  BACTERIA  AND  THOSE  INTO  WHICH  STERILE  SALINE  WAS  INJECTED. 

Rabbit  |8|b  was  one  into  which  a  catheter  containing  sterile  saline  was 
placed.  The  microscopic  examinat ionof  the  lesions  revealed  bland 

r«».  , 

vegetations  consisting  of  fibrinand  rare  white  cells,  Rabbit^245  had 

LARGE  MASSES  OF  BACTERIA  SITUATED  AMONGST  PLATELETS  AND  FIBRIN; 

MONONUCLEAR  CELLS  AND  FIBROBLAST  INFILTRATION  WERE  EVIDENT.  POLYMORPHONUCLEAR 
LEUKOCYTES  OCCURRED  ONLY  RARELY  IN  THE  VICINITY  OF  THE  BACTERIA,  AREAS  OF 
MYOCARDIAL  NECROSIS,  CONTAINING  ZONES  OF  CALCIFICATION,  WERE  NOTED.  RENAL 
LESIONS  WERE  TYPICAL  OF  ANEMIC  INFARCTS  OR  ABCESSES.  NO  G  LOME  RULONEPHR  1  T1S 
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Experimental  section  II:  natural  history  of  catheter  induced  staphylococcal 


ENDOCARDITIS  FOLLOWING  CATHETER  REMOVAL. 

I NTRODUCT i ON  TO  EXPER ) ME  NT  I  I  : 

Techniques  have  been  described, in  a  previous  publication  and  the 

FIRST  EXPERIMENTAL  SECTION  OF  THIS  THESIS,  WHICH  ALLOW  THE  REGULAR 
PRODUCTION  OF  STERILE  OR  BACTERIAL  ENDOCARDITIS  ON  EITHER  SIDE  OF  THE 
HEART  (37)-  ^HE  METHOD  INVOLVES  PASSING  A  STERILE  POLYETHYLENE  CATHETER, 

FROM  THE  PERIPHERAL  VASCULAR  SYSTEM,  INTO  EITHER  THE  LEFT  OR  RIGHT  SIDE 
OF  THE  HEART.  T HE  LESIONS  INVOLVED  THE  TRICUSPID  AND  AORTIC  VALVES 
PREDOMINANTLY.  IF  STERILE  SALINE  WAS  INTRODUCED  THROUGH  THE  CATHETER 
STERILE  MARANTIC  ENDOCARDITIS  OCCURRED,  WHEREAS  THE  INOCULATION  OF 
STAPHYLOCOCCI  RESULTED  IN  STAPHYLOCOCCAL  ENDOCARDITIS.  T HE  STUDIES  TO  THIS 
POINT  HAVE  DESCRIBED  T HE  COURSE  OF  INFECTION  WITH  THE  CATHETER  IN  PLACE. 

The  work  presented  in  this  experimental  section  was  undertaken  to 

LEARN  OF  THE  NATURAL  HISTORY  OF  BACTERIAL  ENDOCARDITIS,  ONCE  ESTABLISHED 
IN  THE  MANNER  PREVIOUSLY  REPORTED,  WHEN  THE  CATHETER  WAS  REMOVED, 

Mater i als  and  Me thods : 

The  materials  and  methods  for  the  production  of  right  and  left 

SIDED  BACTERIAL  ENDOCARDITIS  HAVE  BEEN  DESCRIBED  IN  DETAIL  IN  A  PREVIOUS 
PUBLICATION  and  part  one  of  this  thesis  (37) .  In  brief,  polyethylene 
CATHETERS  WERE  INSERTED  INTO  THE  HEART  VIA  THE  PERIPHERAL  VASCULAR  SYSTEM, 

To  REACH  THE  REGION  OF  THE  TRICUSPID  VALVE,  THE  LEFT  FEMORAL  VEIN  WAS  EXPOSED 
AND  A  CATHETER  PASSED  INTO  IT  FOR  A  DISTANCE  OF  ABOUT  INCHES.  On 

THE  LEFT  SIDE, A  CATHETER  WAS  INSERTED,  THROUGH  AN  INCISION  IN  THE  RIGHT 
CAROTID  ARTERY,  FROM  A  DISTANCE  OF  ABOUT  3?  INCHES,  SUCH  THAT  ITS  TIP 
REMAINED  IN  PROPINQUITY  TO  THE  CUSPS  OF  THE  AORTIC  VALVE.  STAPHYLOCOCCI 
WERE  INOCULATED  THROUGH  THE  CATHETER  TO  PRODUCE  INFECTIOUS  ENDOCARDITIS. 

AT  VARYING  INTERVALS  THE  ANIMALS  WERE  RE  A N AE S T HE T I ZE D  AND  T HE  WOUND 
CREATED  FOR  CATHETER  INTRODUCTION  WAS  REOPENED.  T HE  DISTAL  ENDOF  THE 
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CATHETER  WAS  LOCATED  AND  THE  CATHETER  WITHDRAWN.  I HE  CAROTID  ARTERY ,  PROXIMAL 


TO  THE  INCISION,  WAS  LIGATED  WITH  SILK;  THE  FEMORAL  VEIN  WAS  NOT  TIED. 

The  skin  wound  was  then  tied  with  silk.  Rigorous  sterile  technique  was  not 

FOLLOWED  AND  NO  WOUND  INFECTIONS  WERE  ENCOUNTERED.  I HE  CONTENTS  OF  THE 
CATHETERS  WERE  EXPRESSED  AND  QUANTITATIVELY  CULTURED.  BECAUSE  THE  CATHETERS 
WERE  NOT  IN  SITU  AT  AUTOPSY,  THEIR  PLACEMENT  WAS  VERIFIED  IN  EARLY  TRIALS 

by  x-ray.  Proper  placement  of  the  catheter  in  the  heart  ususally  resulted 

IN  TRANSMISSION  OF  PULSATIONS  ALONG  THE  FLUID  COLUMN  IN  THE  CATHETER.  THE 
catheter  placement  PROCEURES  TOOK  20-30  minutes;  catheter  removal  took 
5“10  Ml  NUTES . 

The  microorganisms,  a  strain  of  staphylococcus  aureus,  used  in  these 
experiments  were  the  same  as  those  previously  used  in  work  with  this  model 
of  bacterial  endocarditis  by  this  laboratory.  The  methods  of  preparation 

AND  INTRODUCTION  OF  THE  STAPHYLOCOCCI  HAVE  BEEN  DESCRIBED  IN  A  PREVIOUS 
PAPER  Z  AND  PART  ONE  OF  THIS  THESIS  (37)* 

The  animals  were  divided  into  two  experimental  groups. 

Group  J_:  rabbits  with  catheters  containing  staphylococci  placed  near  the 

TRICUSPID  VALVE. 

Group  I  1 :  rabbits  with  catheters  containing  staphylococci  placed  near  the 
aortic  valve . 

A  description  of  the  procedure  for  post-mortem  examination  of  the 
experimental  animals  following  death  or  sacrifice  has  been  described  in 
a  previous  publication  and  in  the  previous  experimental  section  of  this 
THESIS  (37)*  The  kidneys,  spleen,  and  liver  were  grossly  inspected  and 
quantitatively  cultured  along  with  samples  of  urine  and  blood.  The  spleen 

WAS  WE  IGHED ,  o 

As  RELATED  in  THE  EARLIER  PAPER  (37)  AND  THE  FIRST  SECTION  OF  THIS 
PRESENTAT ION, SPEC  SAL  ATTENTION  WAS  GIVEN  THE  EXAMINATION  OF  THE  HEART.  ThE 


HEART  WAS  OPENED  IN  ORDER  TO  LOCATE  VEGETATIONS.  T HE  VEGETATIONS  WERE  THEN 
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INCISED  AND  A  SMALL  PLATINUM  LOOPFUL  OF  THE  MATERIAL  RECOVERED  FOR  GRAM 
STAIN  AND  CULTURE,  T HE  LOOP  USED  HOLDS  APPROXIMATELY  0.001  ML  OF  LIQUID; 
THEREFORE  0  COLONIES  INDICATES  LESS  THAN  1000  VIABLE  UNITS  PER  GRAM,  WHERE 
GRAM  STAIN  DID  NOT  DEMONSTRATE  NUMEROUS  BACTERIA,  2  OR  3  SITES  OF  THE 
VEGETATIONS  WERE  CULTURED. 

Results : 

Group  1 :  These  rabbits  had  catheters  containing  staphylococci  placed 
in  the  region  of  their  tricuspid  valves.  The  catheters  were  withdrawn 

FROM  THE  ANIMALS  SEVERAL  DAYS  PRIOR  TO  SACRIFICE.  THIS  SERIES  CONSISTED 
OF  |8  RABBITS.  At  POST-MORTEM  EXAMINATION,  15  ANIMALS  HAD  STERILE  VEGETATIONS, 
AND  3  RABBITS  HAD  VEGETATIONS  FROM  WHICH  STAPHYLOCOCCI  WERE  CULTURED  (fg4). 
The  NUMBERS  OF  VIABLE  8ACTERIAL  UNITS  recovered  from  the  vegetations 
RANGED  FROM  3  TO  4|  COLONIES  PER  0,00!  ML  LOOPFUL,  VEGETATIONS  OCCURRED 
ON  THE  CUSPS  OF  THE  TRICUSPID  VALVE,  THE  PAPILLARY  MUSCLES,  AND  ON  THE 
ADJACENT  TISSUE  SURFACES  IN  THE  ATRIA  AND  VE NTR I C LE S ,  T HE  I R  SIZE  BORE  NO 
RELATION  TO  THE  FINDINGS  OF  ORGANISMS.  GROSSLY,  THEY  VARIED  FROM  LARGE, 
FRIABLE,  GRAYISH  MASSES  TO  SMALL,  FLAT  FIRM,  PALE  EXCRESCENCES  (TABLES  3  & 

4). 

None  of  the  animals  with  infected  vegetations  had  evidence  of  splenic 

ENLARGEMENT  (>  2  GMS ) ;  TWO  RABBITS  WITH  STERILE  VEGETATIONS  DID  HAVE 

splenomegaly.  The  cultures  of  the  organ  homogenates  and  other  samples 
taken  were  only  sporadically  positive.  When  positive  they  grew  only  very 

SMALL  NUMBERS  OF  ORGANISMS.  POSITIVE  TERMINAL  BLOOD  CULTURES  WERE  PRES  E  hf 
IN  ONLY  2  RABBITS,  1  WITH  SEPTIC  AND  I  WITH  STERILE  VEGETATIONS;  IN  EACH 
CASE  THE  NUMBERS  OF  COLONIES  WAS  SMALL,  4  AND  9*  ThE  CATHETERS  WHICH  WERE 
REMOVED  USUALLY  WERE  FOUND  TO  CONTAIN  10  COLONIES  OF  STAPHYLOCOCCI 
PER  ML. 

The  catheters  were  left  in  situ  for  from  2  to  |4  days.  The  animals 

WERE  SACRIFICED  AT  FROM  3  TO  6  DAYS  AFTER  THE  CATHETER  WAS  WITHDRAWN. 
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The  distribution  of  animals  across  these  time  ranges  is  shown  in  figure  5* 
Bacteriological  studies,  therefore,  were  carried  out  at  from  5  to  19  days 

FOLLOWING  THE  INITIAL  PROCEDURE,  NONE  OF  THE  RABBITS  DIED. 

Group  !  1  :  These  rabbits  had  catheters  containing  staphylococci  placed 

IN  PROXIMITY  TO  THEIR  AORTIC  VALVES;  THE  CATHETERS  WERE  WITHDRWN  3"6  DAYS 

after  placement.  Of  |4  rabbits,  6  had  vegetations  from  which  staphylococci 

WERE  RECOVERED  AND  8  HAD  STERILE  VEGETATIONS  (FIG  6),  T HE  NUMBERS  OF  VIABLE 
BACTERIAL  UNITS  CULTURED  FROM  THESE  VEGETATIONS  RANGED  FROM  63  TO  1000 
COLONIES  PER  0.00!  ML  LOOPFUL  OF  MATERIAL.  ThE  VEGETATIONS  WERE  MOST  OFTEN 
FOUND  ON  THE  CUSPS  OF  THE  AORTIC  VALVE  AND  ON  THE  WALL  OF  THE  AORTA  ABOVE 
AND  THE  VENTRICULAR  SURFACE  BELOW.  GROSSLY,  THEY  VARIED  FROM  LARGE  FRIABLE 
MASSES,  MOST  OFTEN  IN  RABBITS  HAVING  SEPTIC  VEGETATIONS,  TO  SMALL  FIRM, 
ENDOTHEL  I  AL  I  ZED  EXCRESCENCES  CONFINED  TO  A  SINGLE  CUSP  (TABLES  5  &  6). 

Splenic  enlargement  {>2  gms)  was  noted  in  3  of  6  rabbits  with  infected 

VEGETATIONS,  WHEREAS  IT  WAS  FOUND  IN  BUT  I  RABBIT  WITH  STERILE  VEGETATIONS. 

Cultures  of  the  organ  homogenates  of  3  0F  the  animals  with  septic 

VEGETATIONS  YIELDED  ONLY  ONE  SET  0F  POSITIVE  CULTURES,  TERMINAL  BLOOD 
CULTURES  OF  3  RABBITS  WITH  INFECTED  VEGETATIONS  YIELDED  ONE  POSITIVE 

result.  Kidney  infarcts  or  abcesses  occurred  with  equal  proportions  in 

RABBITS  WITH  INFECTED  AND  STERILE  VEGETATIONS;  THEY  WERE  NOTED  I N  3  0F  6 
RABBITS  WITH  SEPTIC  VEGETATIONS  AND  4  OF  8  WITH  STERILE  VEGETATIONS, 

IN  THE  ANIMALS  WHICH  WERE  FOUND  TO  HAVE  INFECTED  VEGETATIONS,  THE 
CATHETER  REMAINED  IN  POSITION  FROM  3  T0  5  DAYS  AND  THE  ANIMALS  WERE 
SACRIFICED  OR  DIED  FROM  2  TO  10  DAYS  AFTER  CATHETER  REMOVAL;  THE  TOTAL 
EXPERIMENTAL  TIME  RANGED  FROM  5  TO  *3  DAYS,  T HE  ANIMALS  WITH  STERILE 
VEGETATIONS  HAD  CATHETERS  IN  POSITION  FROM  3  TO  6  DAYS  AND  WERE 
SACRIFICED  AT  TIMES  FROM  2  TO  |4  DAYS  AFTER  CATHETER  W1THDRWL;  THE  ELAPSED 
TIME  FROM  C ATHER  I ZAT  I  ON  TO  POST-MORTEM  EXAMINATION  WAS  FROM  7  TO  17  DAYS. 
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The  distribution  of  numbers  of  rabbits  within  these  time  intervals  may 


BE  ASCERTAINED  FROM  FIGURE  5*  HALF  OF  THE  RABBITS  WITH  INFECTED 

died;  none  of  the  rabbits  with  sterile  vegetations  died. 
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Discuss  ion: 


A  MODEL  HAS  BEEN  DEVELOPED  FOR  THE  PRODUCTION  OF  STERILE  MARANTIC 
ENDOCARDITIS  AND  BACTERIAL  ENDOCARDITIS  ON  THE  LEFT  SIDE  OF  THE  HEART  IN 
RABBITS.  THE  TECHNIQUE  EMPLOYED  WAS  THAT  WHICH  HAD  PREVIOUSLY  BEEN  SHOWN 
TO  INDUCE  RIGHT  SIDED  ENDOCARDITIS  (37)- 

AS  ANTICIPATED  FROM  EARLIER  STUDIES,  STERILE  VERRUCOUS  LESIONS  WERE 
MANIFEST  WHEN  STERILE  SALINE  WAS  INJECTED,  WHEREAS  STAPHYLOCOCCAL  ENDOCARDITIS 
DEVELOPED  WHEN  STAPHYLOCOCCI  WERE  INOCULATED.  |T  IS  INTERESTING  TO  NOTE 
THE  GREAT  DIFFERENCE  IN  SEVERITY  BETWEEN  THE  BACTERIAL  AND  STERILE  DISEASES. 

Of  THE  ANIMALS  RECEIVING  STERILE  SALINE,  7  0F  THE  8  RABBITS  WERE  SACRIFICED 
AND  ALL  WERE  ALIVE  FOR  AT  LEAST  |8  POS T -0 PE R A T  I  VE  DAYS.  CONVERSELY,  OF  THE 
8  RABBITS  WITH  LEFT  SIDED  INFECTIVE  ENDOCARDITIS,  ALL  DIED  BY  THE 
EIGHTEENTH  POS T -OPE R A T I VE  DAY.  THUS  THE  BACTERIAL  DISEASE  WAS  OF  GREATER 
SEVERITY,  DESPITE  THE  FACT  THAT  EMBOLI  TO  THE  KIDNEYS  OCCURRED  IN  ABOUT 
EQUAL  PROPORTIONS  IN  THE  TWO  EXPERIMENTS, 

It  IS  REMARKABLE  THAT  THE  LEFT  SIDED  ENDOCARDITIS  CAUSED  DEATH  OF  THE 
RABBITS,  WHEREAS  RIGHT  SIDED  INFECTIOUS  ENDOCARDITIS  RARELY  RESULTED  IN 
DEATH.  THE  RABBITS  OF  EXPERIMENT  I  GROUP  II,  IN  THE  PRESENT  STUDY,  HAD 
CATHETERS  FILLED  WITH  STAPHYLOCOCCI  PLACED  IN  PROXIMITY  TO  THEIR  AORTIC 
valves.  The  rabbits  OF  THE  PREVIOUSLY  REPORTED  STUDY  HAD  STAPHYLOCOCCI  filled 
CATHETERS  PLACED  IN  PROPINQUITY  TO  THEIR  TRICUSPID  VALVES  THROUGH  FEMORAL 
VEIN  CATHER  I  Z AT  I  ON  (37)*  T  HE  RABBITS  FROM  THE  PREVIOUS  STUDY  WERE  SACRIFICED 
AT  INTERVALS  OF  8-4  I  DAYS;  OF  THE  THIRTEEN  ANIMALS  IN  THE  STUDY,  8  SURVIVED 
BEYOND  |8  DAYS,  Of  THE  8  ANIMALS  OF  THE  PRESENT  STUDY  WITH  INFECTED  AORTIC 
ENDOCARDITIS  IN  WHICH  THE  CATHETER  REMAINED  IN  SITU,  ALL  DIED  DURING  THE 
EIGHTEEN  DAYS  FOLLOWING  OPERATION.  OBVIOUSLY,  THE  COURSE  OF  THE  DISEASE 
IN  THE  LEFT  HEART  WAS  MORE  FULMINANT  THAN  THAT  IN  THE  RIGHT  HEART.  SYSTEMIC 
DISEMINATION  OF  THE  STAPHYLOCOCCI,  AS  MEASURED  BY  THE  POSITIVE  CULTURES 
FROM  ORGAN  HOMOGENATES,  WAS  PRESENT  IN  THE  MAJORITY  OF  RABBITS  IN  BOTH 


SERIES.  That  SYSTEMIC  MANIFESTATIONS  occurred  as  frequently  WITH  RIGHT  SIDED 
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AS  WITH  LEFT  SIDED  ENDOCARDITIS  CONTRADICTS  THE  USUALLY  ACCEPTED  IDEA  THAT 
THE  LUNGS  SERVE  AS  FILTERS  ABLE  TO  TRAP  MICROORGANISMS  IN  THEIR  COURSE 
THROUGH  THE  PULMONARY  CIRCULATION,  IT  MAY  BE  THAT  THESE  "PARADOXICAL"  SEPTIC 
EMBOLI  ARE  ABLE  TO  REACH  THE  SYSTEMIC  CIRCULATION  BY  TRAVERSING  THE  LUNGS 
ONLY  AFTER  AN  INITIAL  BARRAGE  OF  MICROEMBOLI  ALTERS  LUNG  TISSUE  DEFENCES 
BY  CAUSING  MICROINFARCTS  OR  OTHERWISE  BREACHING  THE  FILTER  MECHANISM, 

There  is  no  obvious  explanation  for  the  fatal  outcome  of  the  left 

SIDED  AS  COMPARED  WITH  THE  RIGHT  SIDED  STAPHYLOCOCCAL  ENDOCARDITIS  IN 

RABBITS.  The  possibility  exists  that  cerebral  emboli  result  from  left 

SIDED  LESIONS,  BUT  THIS  EXPLANATION  WOULD  SEEM  UNLIKELY  SINCE  STERILE  LEFT 
SIDED  ENDOCARDITIS  RESULTS  IN  THE  SAME  FREQUENCY  OF  RENAL  EMBOLI  AND, 

THEREFORE,  WOULD  BE  EXPECTED  TO  PRODUCE  THE  SAME  FREQUENCY  OF  CEREBRAL 
EMBOLI;  YET,  STERILE  AORTIC  ENDOCARDITIS  DID  NOT  KILL  THE  RABBITS. 

Another  possible  explanation  for  the  death  of  animals  with  left  sided 

INFECTIVE  ENDOCARDITIS  IS  THAT  LESIONS  OF  MYOCARDITIS  WERE  SEEN  WHICH 
WERE  NOT  FOUND  IN  ANIMALS  WITH  RIGHT  SIDED  DISEASE,  !T  IS  NOT  CLEAR,  HOWVER, 
WHETHER  THESE  LESIONS  ARE  PECULIAR  TO  AORTIC  VALVE  DISEASE  OR  WHETHER  THEY 

MAY  BE  A  RESULT  OF  MORE  EXTENSIVE  BACTERIAL  MULTIPLICATION  LEADING  TO  MORE 
SEVERE  BACTEREMIA  IN  AORTIC  DISEASE,  UNFORTUNATELY,  THE  BACTERIOLOGICAL 
STUDIES  CARRIED  OUT  SO  FAR  WERE  NOT  SUFFICIENTLY  DETAILED  TO  PERMIT 
COMPARISON  OF  THE  EXTENT  OF  INFECTION  IN  THE  TWO  MODELS.  ThE  DATA  DO 

f>  / 

SHOW  THAT  AT  LEAST  !0  STAPHYLOCOCCI  /  GM  WERE  PRESENT  IN  THE  VEGETATIONS 
IN  BOTH  STUDIES.  HOWEVER,  THE  AORTIC  ANIMALS  WERE  ALL  DEAD  FOR  SOME  TIME 
BEFORE  EXAMINATION.  CAREFUL  CULTURE  OF  THE  ENTIRE  VEGETATION  WOULD  BE 
REQUIRED  TO  MAKE  MORE  ACCURATE  COMPARISONS. 

In  PREVIOUS  EXPERIMENTS  IT  WAS  DETERMINED  THAT  AS  LONG  AS  CATHETERS 

containing  staphylococci  remained  in  the  heart  infected  vegeataions  would 

BE  ENCOUNTERED  AT  POST-MORTEM  EXAMINATION  (37  &  EXPERIMENTAL  SECTION  l). 

The  experiments  presented  in  experimental  SECTION  !!  ELUCIDATE  the  CONSEQUENCES 

15. 
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of  catheter  removal  on  the  natural  history  of  this  model  infection.  When 

CATHETERS  WERE  REMOVED  FROM  THE  RIGHT  SIDE  OF  THE  HEART,  THE  RABBITS  SEEMED 
CAPABLE  OF  PROPTLY  STERILIZING  THE  VEGETATIONS.  !n  THE  FEW  ANIMALS  IN  WHICH 
SEPTIC  VEGETATIONS  WERE  DISCOVERED,  THE  NUMBER  OF  VIABLE  BACTERIAL  UNITS 
WITHIN  THE  VEGETATION  WAS  SMALL.  1  N  CONTRAST,  AFTER  CATHETERS  WERE  WITHCRAWN 
FROM  THE  AORTIC  REGION  (6/ 1 4 )  OF  THE  RABBITS  DEMONSTRATED  INFECTED 

VEGETATIONS  CONTAINING  LARGE  NUMBERS  OF  VIABLE  BACTERIAL  UNITS.  The  COMPARISON 
OF  ANIMALS  WITH  LEFT  AND  RIGHT  HEART  CAT  HER  I ZAT  I ONS  SHOWS  THAT  THE  GROUPS 
WERE  GENERALLY  COMPARABLE,  IE.,  THE  LENGTH  OF  C A T HE R I Z A T  I  ON  AND  THE  ELAPSED 
INTERVAL  FOLLOWING  REMOVAL  OF  THE  CATHETER  WERE  SIMILAR  IN  THE  TWO  GROUPS. 

IF  ANYTHING,  THE  ANIMALS  WITH  RIGHT  SIDED  ENDOCARDITIS  HAD  THEIR  CATHETERS 
IN  PLACE  LONGER  AND  WERE  LOOKED  AT  AFTER  A  SHORTER  INTERVAL  FOLLOWING 

REMOVAL  OF  THE  CATHETER  AS  COMPARED  WITH  THE  ANIMALS  WITH  LEFT  SIDED 

endocarditis.  Thus  the  animals  with  right  sided  endocarditis  had  a 

SOMEWHAT  LONGER  PERIOD  IN  WHICH  TO  ESTABLISH  THEIR  INFECTIONS  AND  WERE 
EXAMINED  AT  A  TIME  WHEN  THE  INFECTIONS  WERE  LESS  LIKELY  TO  HAVE  HEALED. 

Despite  this  emphasis,  an  enhanced  ability  to  effectively  sterilize 

BACTERIAL  ENDOCARDITIS  IN  THE  RIGHT  HEART  AS  CONTRASTED  WITH  THE  LEFT  HEART 

WAS  APPARENT. 

Indeed,  once  the  catheters  were  withdrawn,  suggestion  of  healing  of 

LESIONS  APPEARED  IN  MANY  OF  THE  ANIMALS  WHICH  HAD  UNDERGONE  RIGHT  HEART 
CATHER  I  ZAT  I  ON;  THE  LESIONS  WERE  SMALLER  AND  FIRMER  THAN  THOSE  PREVIOUSLY 
REPORTED  IN  WHICH  CATHETERS  REMAINED  IN  SITU  UNTIL  SACRIFICE  (37  &  EXPERIMENTAL 
SECTION  l).  This  RESOLUTION  was  NOT  EVIDENT  as  often  in  animals  WHOSE  LEFT 
HEARTS  HAD  CONTAINED  CATHETERS,  DEATH  OF  THE  RABBITS  WAS  EXCLUSIVELY 
ENCOUNTERED  IN  ANIMALS  WITH  INFECTED  AORTIC  VEGETATIONS,  AND  NOT  FOUND 
AT  ALL  IN  ANIMALS  WHICH  HAD  UNDERGONE  RIGHT  SIDED  C A T HE R  I  Z A T J ON ,  IN  THE 
CATHETER  REMOVAL  EXPERIMENTS. 

It  might  have  been  expected  that  a  critical  time  WOULD  HAVE  EMERGED 

BEYOND  WHICH,  IF  THE  CATHETER  REMAINED  IN  S I TU  AND  WERE  SUBSEQUENTLY  REMOVED, 
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A  SELF-SUSTAINING  DISEASE  WOULD  BE  INDUCED.  NO  SUCH  SPECIFIC  DURATION  FOR 


RIGHT  HEART  C  A  T  HE  R  S  2  A  T  !  ON  BECAME  APPARENT,  EVEN  ANIMALS  FROM  WHICH  CATHETERS 
WERE  REMOVED  AFTER  TWO  WEEKS  WERE  ABLE  TO  STERILIZE  THE  VEGETATIONS, 

Although  a  critical  time  can  not  be  defined  in  animals  subjected  to 

LEFT  HEART  GATHER  I ZAT I  ON,  AN  IRREVERSIBLE  POINT  MAY  BE  ESTABLISHED  AFTER 
AFTER  AS  FEW  AS  3  DAYS  OF  CATHETER  IMPLANTATION  IN  SOME  ANIMALS, 

IT  IS  NOTEWORTHY  THAT  WITH  ONLY  2“3  DAYS  OF  CANNUL  AT  I  ON,  EVEN  IN  T  l€ 
ABSENCE  OF  CONTINUING  INFECTIOUS  DISEASE,  GROSS  STERILE  VEGETATIONS  WERE 
ALREADY  EXTANT  AND  WERE  EVIDENT  AS  LONG  AS  |4  DAYS  LATER.  The  RAPIDITY  WITH 
WHICH  STERILE  LESIONS  WERE  ESTABLISHED  WAS  EQUALLY  EVIDENT  ON  BOTH  SIDES 
OF  THE  HEART, 

The  ability  of  the  animals  to  effectively  sterilize  right  sided 
BACTERIAL  ENDOCARDITIS  HAS  ITS  ANALOGUE  IN  CLINICAL  MEDICINE,  I T  IS 
KNOWN  THAT  A  RELATIVELY  SMALL  PROPORTION  OF  CASES  OF  BACTERIAL  ENDOCARDITIS 
INVOLVES  EXCLUSIVELY  THE  RIGHT  HEART  (42-45).  INDEED,  LESS  THAN  2  %  OF 
CASES  ARE  BELIEVED  TO  INVOLVE  THE  TRICUSPID  VALVE  ALONE  ( ^5 ) -  T  HE 
DISPARITY  IS  TO  A  LARGE  EXTENT  LAID  TO  THE  GREATER  FREQUENCY  OF  PRE¬ 
EXISTING  VALVULAR  DISEASE  IN  THE  LEFT  HEART.  ThE  EMPHASIS  ON  PRE-EXISTING 
LESIONS  MAY  REQUIRE  A  REDIRECTION  OF  ATTENTION  IN  VIEW  OF  THE  RESULTS  OF 
THIS  STUDY.  Even  WHEN  DAMAGE,  INDUCING  SUSCEPTIBILITY  TO  ENDOCARDITIS, 

IS  EQUAL  ON  BOTH  SIDES  OF  THE  HEART,  AS  IN  THE  PRESENT  STUDY,  INFECTION 
ON  THE  RIGHT  SIDE  WAS  NOT  MAINTAINED,  THOSE  FACTORS  RESPONSIBLE  FOR  THE 
DIFFERENT  COURSE  OF  INFECTION  IN  THE  RIGHT  AND  LEFT  SIDES  OF  THE  HEART  ARE 

not  known.  The  difference  in  physical  and  metabolic  environment  may  be 

IMPORTANT  IN  EXPLAINING  THE  DIFFERENT  DISTRIBUTION  OF  INFECTIOUS 
VALVULAR  DISEASE  IN  MAN  AS  IT  HAS  BEEN  EVOKED  TO  EXPLAIN  THE  DISTRIBUTION 
OF  NON- I  NFECT I OUS  ENDOCARDITIS  (48). 
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Summary : 


A  MODEL  HAS  BEEN  DEVELOPED  FOR  THE  PRODUCTION  OF  ENDOCARDITIS  OF  THE 
AORTIC  VALVE  IN  RABBITS.  THE  TECHNIQUE  IS  SIMILAR  TO  THAT  PREVIOUSLY 
EMPLOYED  FOR  PRODUCING  RIGHT  HEART  ENDOCARDITIS;  IT  DEPENDS  ON  THE 
CATHER I ZAT I  ON  OF  THE  HEART  THROUGH  THE  PERIPHERAL  VASCULAR  SYSTEM  WITH 
A  POLYETHYLENE  CATHETER,  IhE  PLACEMENT  OF  STERILE  CATHETERS  RESULTS  IN 
STERILE  ENDOCARDITIS,  ThE  INTRODUCTION  OF  STAPHYLOCOCCI  THROUGH  THE  CATHETER 
RESULTS  IN  INFECTIVE  ENDOCARDITIS, 

Sterile  left  sided  endocarditis  is  well  tolerated,  whereas  bacterial 

ENDOCARDITIS  ON  THE  LEFT  SIDE  OF  THE  HEART  REGULARLY  CAUSES  DEATH  OF  THE 
ANIMALS.  This  CONTRASTS  WITH  THE  RARITY  OF  DEATH  DUE  TO  RIGHT  HEART 
INFECTIVE  ENDOCARDITIS  REPORTED  PREVIOUSLY, 

A  PREVIOUS  STUDY  AND  EXPERIMENTAL  SECTION  1  OF  THIS  THESIS  DESCRIBED 
A  TECHNIQUE  FOR  THE  INDUCTION  OF  BACTERIAL  ENDOCARDITIS  IN  RABBITS 
DEPENDING  ON  THE  PRESENCE  OF  A  CATHETER,  CONTAINING  STAPHYLOCOCCI,  IN 
EITHER  THE  LEFT  OR  RIGHT  SIDE  OF  THE  HEART.  PART  91  WAS  UNDERTAKEN  TO 
FOLLOW  THE  NATURAL  HISTORY  OF  THESE  INFECTIONS  AFTER  REMOVAL  OF  THE 
CATHETER.  FOLLOWING  REMOVAL  OF  THE  CATHETER,  THE  RABBITS  WITH  RIGHT  HEART 
ENDOCARDITIS  WERE  ABLE  TO  STERILIZE  THEIR  VEGETATIONS  MORE  EFFECTIVELY 
THAN  ANIMALS  WITH  LEFT  HEART  ENDOCARDITIS.  OUT  OF  |8  RABBITS  WITH  RIGHT 
SIDED  ENDOCARDITIS  3  HAD  BACTERIA  RECOVERED,  IN  LOW  NUMBERS,  FROM  THE 
VEGETATIONS,  WHEREAS,  6  OUT  OF  |4  ANIMALS  WITH  AORTIC  ENDOCARDITIS  HAD 
LARGE  NUMBERS  OF  BACTERIA  RECOVERED. 

Thus  even  when  the  conditions  for  establishing  bacterial  endocarditis 

ARE  THE  SAME  ON  BOTH  SIDES  OF  THE  HEART,  INFECTIONS  HEAL  MORE  RAPIDLY 
ON  THE  RIGHT  SIDE  THAN  ON  THE  LEFT  SIDE, 
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F IGURE  I : 

Rabbit  no.  1O5.  Sterile  vegetations  on  cusps  and 

SURFACE  OF  AORTA, 
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F i sure  2: 

Rabbit  no,  ^6,  Sterile  kidney  infarcts  in  an 

WITH  STERILE  AORTIC  VEGETATIONS, 


ANIMAL 
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F  IGURE  3*. 

Rabbit  no.  245.  Catheter  tip  at  the  aortic  valve. 
Large  numbers  of  staphylococci  were  cultured  from  the 

VEGETATION,  AREAS  OF  MYOCARDITIS  ARE  PRESENT, 
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F  IGURE  4 : 

Rabbit  no.  169.  Ifected  vegetation  on  tricuspid 

VALVE  AND  RIGHT  VENTRICUALR  WALL.  SMALL  NUMBERS 
OF  ORGANISMS  WERE  RECOVERED  FROM  THE  VEGETATION. 


29. 


J  J  AMc  i  ' 


i }  ! 

ID J  MTU 2  "  I  5  K 

■  3:  •••  '■  0  r.  •  I  • ;  .■ 


STAPHYLOCOCCAL  ENDOCARDITIS 


RIGHT 

SIDE 

OF  HEART 


LEFT 

SIDE 

OF  HEART 


< 

oc 


2  4  6 

DAYS 


□  NEGATIVE 
CULTURE  OF 
VEGETATION 


co 

H- 

m  6 

CD 


2  4  6 


■  POSITIVE 

«2  CULTURE  OF 


DAYS 


DAYS 


DAYS  CATHETER  IN  PLACE 


INTERVAL 

BETWEEN  CATHETER  REMOVAL 
AND  BACTERIOLOGICAL  STUDY 


F  igure  5: 

Distribution  of  rabbits  within  intervals 

INDICATED. 
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F JGURE  6: 

Rabbit  no.  272.  Vegetations  jn  aortjc  cusps  from 

WHICH  LARGE  NUMBERS  OF  STAPHYLOCOCCI  WERE  CULTURED. 
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